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FORWARD

During 17-20 October 1972, a workshop to identify, concelve and
examine possible concepts and approaches for materially Increasing the
Army's ground mobility was held in Durham, North Carolina, at the behest
of the Office of the Director of Defense Research and Engineering (ODDRE)
who charged the Army Materiel Command (AMC) with the responsibility of
implementing their request, AMC, in turn, assigned the task to a

committee comprised of:
Dr, |. Robert Ehrlich, Stevens Institute of Technology, Chairman
LTC Franklin Cantwell, Headquarters, U.5. Army Materiel Command
Mr. James Carr, Headquarters, U. S. Army Matcriel Command
Mr. Howard J, Dugoff, U. S, Army Tank-Automotive Command
Mr. Adam Rula, U. S. Army Engineer Waterways Experiment Station

Mr. Clifford J. Nuttall, Jr., U.,S. Army Enginecer Waterways
Experiment Station
It was the responsibility of this Steering Committee to plan and
organize the sessions, to select and invite the attendees, to outline
the content of the briefings, to obtain the briefers, to make all the
administrative, housing and special arrangemcits, and to prepare this

written report of the Workshop results,

The body of this report concentrates on the most significant ideas
suggested by the Workshop., To develop these particular ideas further
than was possible (or considered desirable) in the Workshop sessions, a
two-day '‘idea improvement meeting'' was held on 22-23 May 1973, at
St, Clair, Michigan, The discussions which fcilow accordingly reflect
the deliberations not only of the workshop attendees, but also of the
participants at the St, Clair meeting. Administrative and organizational
details, lists of attendees at both the Durham and St, Clair meetings,
plus a complete listing of all ideas formulated, are included in the

appendices for completeness,
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PREFACE

A great deal remains to be done in the technology of surface move-
ment, as proven in Vietnam. Major advances in other technologies, es-
pecially in weaponry, have brought the need for almost revolutionary
improvements in surface mobility, It was the principal objective of this
Workshop to explore the availability of innovative ideas by which Land
Mobi lity might be substantially improved,

When one implements innovations, many factors must be considered
carefully and quantitatively. Realistic systems analysis is required of
the ability of each new concept to perform. How does this concept fit
into the overall strategy and force structure? 1Is the concept attractive
enough to warrant modification of the present way of doing business, and
the present operations doctrine? Does it nave such merit that drastic
changes should be made to accommodate it? As important as these considera-
tions are, they had little place at this Workshop--innovative ideas were

to be set down--later, judgments would be made of their utility,

The group whose ideas are represented by this report was over-
wheIlmingly an experienced surface mobility group. The several presenta-
tions made during the week were strongly influenced by the status quo.
| had originally suggested that we bring together a group totally un-
restricted by tne multiplicity of forces shaping our present surface
mobility activities. Would such a group, given specific missions and
limitations to current capabilities, have arrived at solutions of value
to present users of mobility technology? 1| am certain that many radical
solutions would have been proposed had a Workshop group been almost
totally composed of people outside the land mobility community., | have
much less confidence, however, that their ideas would have been useful,
| shall perhaps continue to wonder, just a little, about the effect of

experience on innovation and the ideal construction of any future Workshop.

My personal retrospection notwithstanding, Dr, Ehrlich and the
participants of this Workshop are to be commended for a difficult job
well done, The group worked very hard and accomplished the Workshop

objectives, | extend to all involved my very sincere thanks.

Preceding page blank i




It seems clear from this report that major opportunities exist, As
Greg Bekker put it, '"now like the Fiddler on the Roof, we can dream of
what we would do if we were very, very rich." A major selling task faces
those of us who are interested in advancing the technology of Land
Mobility. Perhaps most important is the need to document our belief

that there are ldeas, irnovations, unexplored and unexploited areas, and
older ideas whose time has come, which users of this technology should be
eager to see developed and employed. Just how our community can best move
forward to sell and exploit these ideas should perhaps be the topic for
anoth.er Workshop.

ROBERT W. ZIEM

Office of the Director
of Defense, PResearch
and Engineeyring
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t. SUMMARY

The principal objective of the Workshop was to generate ideas for
Improvement of mobility hardware, i.e., vehicles, which might see service
in the period 1980-1990 and beyond. The Workshop attendees included
Department of Defense experts in military vehicles and mobility, technical
personnel from civilian life known to be innovative in their thinking and

accomplishments, and non-technical individuals,

More than six hundred ideas emerged from brainstorming sessions of
six teams, each composed of six to eight members, Of these ideas, approxi-
mately one hundred were deemed worthy of highlighting in the main body of
this report. These have been organized into eight general categories:

A. Wheel Systems,

The mobility potential of wheeled systems has not been fully
exploited. New approaches to tire design, wheel form, and wheel applica-

tion will yield significant Increases in mobility at reasonable costs.
B. Remote-Controlled Vehicles,

New developments in telemetry, developed under the N.A.S.A. space
program, make the use of remotely-controlled vehicles in certain hazardous

missions technically and economically feasibkle,

C. Driver Aids,

The driver is a neglected key element in operational mobility,
Design features to facilitate the driving task and/or improvements in
driver training procedures have great potential to improve driver/vehicle

performance.
D. Vehicle Form and Operational Concepts.

Strong recommendations were made for greater exploitation of the

articulated vehicle form and for closer air/ground vehicle systems inte-
gration tc p-ovide effective ground transportation for airlifted combat

troops, once they debark from their helicopters.




R-17 14

E. Propulsion Concepts.

Concepts were proposed to make more efficient use of fuel energy
by the direct conversion of that energy at the soil-vehicle interface, to
develop alternate and synthetic fuels for use in the event of an inter-
ruption in our petroleum supply, and to make greater use of electric drive
systems, especially the ilnear induction motor,

f. Flotation and Traction Aids,

A number of different concepts were presented that have potential
materially to Improve vehicle soft soil performance by increasing traction
or decreasing ground pressure,

G. External! Mobility Aids,

Some simple, novel tecnniques which could aid vehicle mobility
by modifying the terrain, anchoring into the terraln, or aiding flotation
in water were suggested,

H. Software ldeas.

Recommendations were made for the development of new software,
or methodology, to provide order and direction to proposed hardware
activities and, more generally, to develop a rational, objective basis
for decislons relative to the design and procurement of land mobility
systems,

e
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i1, INTRODUCTION

Obiective

The objectives of the Workshop were to review the state of ground
mobility technology and to identify possibie concepts and approaches for
materially increasing the Army's ground mobility for the period 1980-1990
and beyond, The basic aim was to conceive inrovative hardware ideas, not

to develop workable systems,

Scope

The hardware ideas were to reiate to rhe movement of vehicles off
roads, cross country, and on unimproved roads and trails. Only combat
(fighting) and tactical vehicle concepts were to be considered. Thus,
the following subjects, important in the overall aspects of mobility, i

were exc luded:

a, Aircraft

b, Ships

c. Amphibious vehicies

d, Containerization

e. Non-vehicle iogistic systems (pipelines, fixed rails, ]
monorails, conveyors, Cianiv ' i

The scope of the effort was iimited ro the identification of ideas 1

which, when implemented, would ostensibly cause a direct and measurable
improvement in the performance of &z combat or tactical vehicle in at
least one mobility situation. Consideraiions of feasibility, practi-
cability, cost, etc., or of implementation of the ideas was not permitted

to inhibit their generati.ca.

Approach

To achieve the ubjectives stated above, first the brainstorming
technique, . ch aims at generating a large number of unevaluated ldeas,

was utlilized (see Appendix A) at & Workshop held in Durham, N. C. The
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participants included DOD experts in the field of automotive vehicles,
personnel from civilian industry who were known to be technically inno-
vative in their thinking and accomplishments, and non-technical individuals
who, by their innocence, would cause the workshop to think in new directions

(see Appendix B),

The most promising Ideas generated in the Durham brainstorming sessions
were then developed further in an ''Idea Improvement Session'' held at St.
Clair, Michigan, Participants at this later session were limited to
military officers and DOD civilian engineers. The material which follows

represents the combined results of the two efforts.

Discussion

Mobility means many things to many people. Each person sees it In
the light of his own knowledqe and experience. The term mobility is defined
in AR 310-25 as: '"A quality or capability of military forces which permits
them to move from place to place while retaining the abillty to fulfiil
their primary mission," The same document defines mobi le warfare as:
'Warfare of movement in which the opposing sides seek to selze and hold
the Initiative by use of maneuver, organization of fire and utilization

of terrain."

For the purposes of this workshop, a combat vehicle was defined as:

"'A vehicle, with or without armor, designed for a specific fighting function."

A tactical vehicle was defined as: 'A vehicle with military characteristics
designed primarily for use by forces in the field in direct connection with,
or support of, combat or tactical operat.ons.' The emphasis was on off-

road, cross-country operations.

The trend in recent years in the field of ground mobility has been
toward product improvement through a program ot modification and moderni-
zation. This approach is perhaps appropriate from a short-range viewpoint.
However, the fact that most of the Army's present fleet was built with
1950-60 state-of-the-art and will be 20 to 30 years old by 1980, suggests
that recent advances In technology must be exploited for new and Improved
mobility systems that will provide the U.S. combat soldier of the future

with a tactical advantage,

e
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There are many aspects of moblility, Eariy mobility research identi-
fied and studied in depth the soft soil problems, Many people, when they
think of a '""highly mobile' vehicle still envision one slogging through
deep mud, Current understanding, however, recognizes many other important
aspec.s of mobility, There is the rough terrain problem which, while it
presents little potential for immobilization, severely limits the speed
of the vehicle., There is also the problem of negotiating obstacles such
as fallen trees, ditches, banks, rocks and man-made Impediments,

Rivers place a severe restriction on ground vehicle operations, In
highly developed countries, most rivers are bridged at all essential and
convenient places to the extent that, in peace time, they are rarely
cons idered an impediment to movement, However, in less developed nations
or Iin an unlimited war, we can expect but few bridges to exist, and those
that do exist to be of but limited capacity. Hence, the ability to cross
rivers Is an important consideration in mobility, And river crossing is
more than just swimming; it Is entrance into the water, negotiating the
land/water interface, propulsion and control in the current, and exiting
at the far side,

Control has only recently been recognized as a mobility factor., A
vehicle which is easy to control and has good handling qualities allows
Its operator and crew to function better, tc move more surely and to
maneuver well, Hence, control and the man/machine/environment constitute

another facet of mobility.

Armor protection becomes an aspect of mobility when it permits
selection of routes which would be denied to a thin-skinned vn'iicle,

Communications are also relatec to mobility, for they facilitate
coordinated movement and the exchange of information relative to route

condlitions,

Last, but by no means least, is RAM-D (reliability, availability,
maintainability and durability), for a vehicle which is deadlined is
Just as immobile as one stuck in the mud,

ek it e ! Gt S v
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Thus, there are many aspects of mobility which we have been able
to identify. In a given situation, we can overcome any of these by one
technique or another, We can go anywhere we please for a price. But to
deal with all possible mobility problems with a single vehicle would be
prohibitively expensive. Thus, the 'mobility problem" is to go in as
many important areas as possible at a minimum complexity and cost, The
definitions of the two underlined words, "important' and '"minimum'' become

the center of focus. How do we define "important' and what can we afford?

The basic approach in the Workshop was to develop totally new ideas
or approaches towards improved mobility. However, since new ideas are
not easily generated, a look was taken at new applications of old ideas,
at old ideas in the light of newly developed or soon to be expected techno-

logy, and at old ideas that may not have been fully tested or evaluated.

R i it ik
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i1, RESULTS

The ideas for the improvement of Army ground mobility generated in
brainstorming sessions numbered more than six hundred, an average of more
than one hundred per team. (There were, of course, many cases of dupli-
cation or close similarity.,) All ideas generated by each of the six teams

are contained in the respective sections of Appendix G.

Following the brainstormming sessions, cach team was asked to review
its own ideas, to select and to amplify the ''best' ten. Each team selected
its own criteria for evaluation, Some teams, being more enthusiastic (or
less disciplined) selected more than ten. Hence, from the six teams,

approximately one hundred ideas finally emerged,

In general, the ideas reflected attempts to get more out of the wheel,
to get more out of the driver, to supplement vehicle capabilities and to
modify the terrain environment. Many ideas also reflected complete systems
concepts and methodology. For convenience, these ideas were subdivided

into eight, not always mutually exclusive categories,

A. Wheel Systems

There was a strong feeling among participants that the mobility
potential inherent in the wheel form has not been fully exploited. New
approaches to tire design, wheel form, and wheel application will yield

significant increases in mobility at reasonable costs,
1. Expedient Dualing of Wheels

An inexpensive, yet effective, concept is to design vehicles
so that additional vheeis can be added by a simple bolt-on or clamp-on
process to ''dual up' the wheels when operation in soft soils is expected
(see Figure 1), Thus, single tires can quickly be converted into duals;

duals into triples; etc. Extra wheels can be obtained from spares

carried on other vehicles, from the motor pool, or from disabled vehicles.




R-1714

FIGURE 1. |IF WHEELS WERE PROPERLY DESIGNED,
THEY COULD EASILY BE ATTACHED TO PROVIDE
INCREASED FLOTATION AND TRACTION

Alternatively, special, folding, lightweight tires on lightweight
plastic rims could be developed for this purpose and carried on the
vehicle without appreciable weight or space penalty. Since their use
would be short-term only on soft soils, wear and heat problems would be
minimal, These extra tires might be one-piece, low-cost, throw-away

units.,

To accommodate this concept, fenders must be appropriately designed
and drive lines made capable of withstanding the added torque and canti-

levered loads,

3
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2, Variable Geometry Wheels

Much of the mobility capability of the conventional pneumatic
tire stems from the fact that it varies Its shape in relation to the ap-
plied load and inflation pressure, The ideas presented here are to extend

further this characteristic.

The most Immediate approach is to vary tire pressure to suit
operating conditions--low pressure for high deflections in the off-road
environment, higher pressures on the highway to avoid heat buildup and to
achifeve satisfactory handling at road speeds. Operationally, this requires
some form of central tire inflation control, either automatic or manual,
with simple, predetermined, labeled settings {see Figure 2), A central
inflation control system was used on the DUKW of Wor!d War 1l with much
success, Tire inflation control systems are currently in use or planned
for the military trucks of most Warsaw Pact countries, Their use on the
Russian 2-3% ton and 3-; ton trucks make these vehicles more mobile than

ours,

New tire technology, especially with radial designs, makrs
possible tires which are less sensitive to heat buildup and hence can
be exploited to develop military tires with greatly extended ranges of

deflection under central inflation control,

Another approach is to mak: the wheci itself deformable,
The idea of designing a wheel which cnaiges shapc as it turns, thus
generating the ground cecntact surface ur a much larger wheel, is not pew.

Devices such as those designed by Markow (spiral wheel, cone wheel) or

Liston (elliptical wheel), singly or combined with a pneumatic tire
should be Investigated (see Figure 3).
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FIGURE 3. EXAMPLES OF NON-CIRCULAR WHEELS .
A CONICAL WHEEL (TOP); AN ELLIPTICAL WHEEL (M1DDLE);
A SPIRAL WHEEL (BOTTOM).
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3. The Tire as a Suspension Element

The pneumatic tire is itself a spring. There are obvious
advantages in using the tire as the principle suspension element. One
approach Is to configure the wheel itself as a spring and damper system.

By varying pressure, the spring rate can be changed in accordance with

load and terrain. Conventional tires, however, have neither sufficient
damping nor deflection properties to maximize this possibility, By placing
chambers within the tire to restrict internal air flow, greater damping
characteristics could be obtained. Tire pressures can be varied to detune
vehicle response to input vibrations, Here again, central inflation

control would be a key element,
L4, Damage-Proof Tires

Pneumatic tires provide excellent ride and control properties,
However, they are highly susceptible to damage from enemy fire and off-
road hazards, Army vehicles, especially those designed for combat missions,
badly need a damage-proof tire., Present foam-filled concepts have not
proved successful because of heat buildup due to the hysteresis from
flexing and the excellent insulating properties of the foam. A foam which
has low hysteresis properties and/or is a good conductor of heat would
hold up better. Flexible supporting structures oti ~r than pneumatic

chambers should also be investigated.

Run-flat capabilities should be extended. Tires which fold
within the rim, hence are still marginally usable, have promise. So do

dual concentric chambers,

A cartridge wh.cir Injects a foam or ga. to seal a break and
reinflate the tire Is alsc ¢ possibility. Such a system could be manually

operated or triggered fron “he change in air pressure or temperature that

would occur at or near failure,
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FIGURE 4. VEHICLES, CONTROLLED FROM REMOTE,
SECURE LOCATIONS COULD PERFORM HAZARDOUS MISS IONS.
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B. Remote Controlled Vehicles

Many of the teams suggested roles in which remote control could
be exploited to aid mobility, The applications proposed included combat,
reconnaissance and traction aid, Remotely controlled vehicles (RCV's) can
Isolate the soldier from potential danger when operating in radioactive
areas, probing roads and areas suspected of mines and booby traps, de-
signating targets and aiding or retrieving damaged combat vehicles, RCV's
can also be put through maneuvers that man cannot tolerate. Taking
personnel from such vehicles reduces space, armor and suspension require-

ments and hence permits reduction in size, weight and automotive complexity.
Direct mobility applications suggested were:

o A small, highly mobile, scout or lead vehicle, radio-
controlled by a human operator in a following vehicle

to send back TV or sensor readings to following personnel,

o Remotely controlled trailmarker or pioneer vehicles
(see Section D5),

o PRemotely controlled daughter unit of a two-element

combat vehicle (see Section D2).

o Remote controls in the local sense would allow the crew
of a manned combat vehicle to be grouped in a single,
compact, highly protected region of the vehicle, leaving
the less vulnerable components exposed or only lightly
protected, Protecting only vital components would greatly

lighten the armor required.

With the great recent advances in integrated circuitry, more rugged
television cameras and transmitters, and more sophisticated control cir-
cuitry and techniques, the electronic componentry for RCV's can be made
relatively inexpensive and reliable, Combined with changes in vehicle
form, this approach opens the way to relatively inexpensive, mass-
produced vehicles, In the combat role, low cost will pcrmit greater
expendability and greater numbers, which could provide battlefield

superiority. For combat, as for other applications, the effective ex-

I
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ploitation of RCV's will obviously require the development of radically

new tactics and doctrine,

The principal engineering difficulties attendant to the development
of RCV's for practical military application are those associated with
the coomunications system, Jamming, signatures and enemy interception
nf data are all potential problems, The most critical difficulty, however,
Is the transmission and display of the massive quantity of feedback in-
formation required for remote operation in the cross-country environment.
Because of the complexity of that environment, the operator of an off- |
road RCY will almost certainly require a continuous, panoramic visual
display, with resolution at least equivalent to that provided by commer- ]
cial television. Research is needed to establish the precise nature of
communication requirements for various potential RCV missions and the
assoclated implications for system development.

in another concept, remote control, coupled by force and position
feedback, appears attractive in the development of man amplifiers and
walking machines. At present, these concepts are workable, but the
complexity and costs make for impractical systems, An important area
for development, therefore, is mechanisms and techniques which make
feedback control systems practical for land vehicle application.

C. Driver Aids

The driver was identified as a neglected key element in opera-
tional mobility., To get more out of the driver, we must provide him
with better training and improve his operating environment and his

interfaces with the vehicle,
i. Driver Training

The differences in vehicle performance achieved by trained

and untrained drivers are vast, Current Army training practices do not

appear to be fully evfective in training the driver to exploit the total

l performance potential of his vehicle under extreme conditions of use,

Providing such training in a real vehicle under realistic field stress

conditions is both expensive and dangerous. 1{t is suggested that simulator
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devices, simllar to those currently in wide use for pilot training, could
also be profitably employed for training off-road vehicle drivers, There
Is a well-dcveloped related technology base deriving from the activities
of workers in the highway safety field who have developed a variety of
road simulators for both research and training purposes,

The major impediment to the development and practical use of
off-road driving simulators appears to be the difficulty of providing
realistic simulations of visual displays and other necessary driving cues
at reasonable cost, Research appears needed to establish just what level

of realism is necessary to make a simulation usefui for training purposes,

Even with extensive use of simulators, complete training
requires a certain degree of behind-the-wheei field experience. To make
such experience most effective, it should be obtained under operating
conditions which tax the vehicle to its limits, Research consideration
must be given to the design of suitable training courses and associated
programs of instruction,

2, Shock and Vibration Alleviation

The major driver environmental factors detrimental to mobility

are those associated with shock and vibration. A number of recommendations

were made for the alleviation of these factors.

0 Use of an active suspension that senses the terrain ahead
and displaces suspension eiements in anticipation of
oncoming irregularities, The sensor could be an on-board
laser, sonar, etc., or a mechanical device in a lead unit,

perhaps remotely controlled,

6 Use of a suspension system which automatically varies its
spring rates, damping rates and static attitude in response
to vehicle load and terrain inputs, The inherent variable

attitude feature would reduce the elevation requirements

of a vehicle-mounted weapor,
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o Use of crew isolation to reduce requi~ements for suspend- 4
ing the entire vehicle, This concept could be implemented :
in a small way with an improved (suspended) crew seat, E
The full concept envisions the crew to be concentrated ]
in a separately suspended compartment, Suspension of this ‘
compartment would probably have to be active, and controls

remote,

o Use of specially designed suits which would increase crew

tolerance to shock and vibration. Conceptually, this
suit could resemble a ''G'" suit such as used by airmen, or

it could be a special harness or sling system,
3. Oriving Cue Augmentation

Providing the driver with more and better information on the
status of his vehicle in relation to the operational environment promises
to improve his effectiveness materially., Systems that appear to have
potential are:

o Television, mirrors or fiber optics to extend the driver's
field of vision or to allow him to be placed at a more
convenient or stable location, These systems could In-
corporate vision intensifiers for operation under reduced
visibility.

o Navigation or guidance systems, either on-board (inertial)
or remote (LORAN, etc.) to aid the driver and crew to
operate in unfamiliar terrain., Such systems would lessen
the need for detailed maps and movement control and would
be especially valuable during night operations, in snow
or heavy foq, or in terrain such as mountains, forests
and deserts, where there are few recognizable features

for guidance.
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o Remote terrain sensing and analyzing systems to produce
mobility maps to afd in route selection, mission operations
and driver control. Such systems could be operated from

alrcraft or satellites.

o A system which detects the water content of a soil would
be extremely useful, since,coupled with other terrain
characteristics (vegetation, soil, type, etc.), this know-
ledge would give strong clues regarding soil strength,

I f day-to-day records of soil moisture condition were
maintained, optimum times for operation through an area

could be forecast,

o Tactile feedback to the driver of the traction conditions
at the soil-vehicle interface. Knowing how much traction
is available to each set of running gear would enable the
driver to proportion torque application in an optimum

manner,
I, Human Engineering

There are human engineering improvements that can enhance
vehicle mobility by facilitating the mechanics of driving and by alleviat-
ing psychologica! stresses on the driver, Among the former are more
utilization of power assists, more control automation, simplified control
settings, greater adjustability of controls to match driver physique, and,
perhaps, greater use of audio, tactile and/or odor signals to conmunicate

appropriate information.

The importance of driver confidence is not as well recognized,
It has been demonstrated that the driver of an MI51 truck will go signi-
ficantly faster cross-country if given the added sense of security provided
by a roll bar, This experience suggests the desirability of such other

features as:

o Easily released and discarded lap and shoulder safety belts.

o Rapid ejection systems for crews of combat vehicles.

T -
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o Simple, secure distress signal systems to inform friendly
forces of immobilization, injury,loss of way and other

factors such as enemy activity, etc.
5. Driving Task Sharing

Rational division of the driving function between two indivi-
duals would double the sensing, analysis and manipulation capabilities
available tc perform the difficult task of iriving at high speed cross-
country, By such dual control, one operator would directly set and keep
the general course and route selection; while the second driver would
concern himself solely with the terrain immediately in front of the vehicle,
This scheme exists in rudimentary forin during buttoned-up tank operations

and in more sophisticated form with a horse and rider,
6. Convoy Control

The Army's logistic tail is long and complex. At one point
or another, supplies are generally moved In convoys, the mobility of which
is determined as much by convoy ccntrol limitations as by individual
vehicle performance., Principal operational problems are in the maintenance
of convoy integrity and reliable convoy navigation under the stress of
max imlzing convoy speed in the general confu;ion of the combat and near-
combat environment, Operations at night and in other sftuations, in which

effective visibility is severely reduced,compound the basic problem,

One broad approach to solving convoy problems is to reduce
dependence on convoys, per_se, through the reduction of forward area line
items, full exploitation of combat loads (by trucks, containers), improved
load control and identification, etc. Non-convoy distribution could be
implemented by the develcpment of doctrine and hardware to apply traffic
management techniques and rapid transit technology in the field to control
and direct individual vehicles, Networks of rapidly deployable automated
traffic sensors and directors could be developed which (using suitable
transponders) could guide individual trucks on optimum routes under field

computer control.
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Possibiliti~s to improve the timely throughput of goods and
trooos using convoys range from relatively simple on-board devices, to
help drivers maintain intervehicle spacings appropriate to convoy speeds
and road conditions, through to the development of fully automated systems
for convoy dispatch, navigation and operation which might also signifi-

cantly reduce convoy manpower and even convoy vulnerability.

There has been little significant work connected with techno-
logic possibilities to improve convoy effectiveness since the early 1960's
when possibilities to hard-couple tactical trucks for convoy use were briefly
addressed. The bulk of he possibilities lie within the state-of-the-art
of various technologies, The major technical problem is determination of
credible effectiveness benefits against which to compare inevitable costs
associated with various possible degrees of system sophisticated at each

major echelon in the TOE distribution system,

D. Vehicle Form and Operational Concepts

The basic form of a vehicle dictates its mobility envelope. A
number of unconventional vehicular shapes and forms were suggested., Some
were totally new concepts; some were old concepts which warrant re-examination

and further development; and some were hybrid combinations of existing forms.
1. Helicopter/Vehicle Teams

The newest element in combat mobility has been the marriage
of ground troops with helicopter transport. After dismounting, however,
these heliborne troops are only as mobile as old-fashioned foot soldiers.
To realize the full potential of this new approach, these troops, once
on the ground, must be provided with highly mobile combat and tactical
support vehicles which can also be transported by helicopter. Then ob-
stacles such as marshes, forest, rivers, mountains, or mine fields can be
by-passed at 150 mph by air; then after landing, the troops would have
the high mobility and fire power necessary to press on with the attack.
Shock effect would be maximized and vulnerability of the helicopters re-
duced, since the helicopters would no longer have to land close to enemy

fire zones, Exploitation of this new opportunity will require some basic
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changes in the morphology of both our ground vehicles and our helicopters
(see Figure 5). Some of the unconventional vehicle forms suggested below

are responsive to these new demands.

FIGURE 5. A MARRIAGE OF THE GROUND VEHICLE WITH THE HELICOPTER
WILL PROVIDE THE SOLDIER MOBILITY AFTER PLACEMENT ON THE BATTLEFIELD,

2, Articulated Vehicles

With helicopter transportability as one goal, articulated
vehicles can be designed for transport in sections, and almost instanta-
taneously joined in the field (see Figure 6). This opens the possibility
of moving vehicles up to tank size and capability right along with the
first troops in an airborne assault. In addition, extensive mobility
research and several recently completed vehicle development programs,
have demonstrated the significant increases In cross-country mobility
which result from vehicle articulation, Use of this feature should be
widely applied to combat as well as to logistic vehicles, to achieve sur-
vivability through mobility/agility against modern weapons which cannot
be defeated by armor protection,




o —

-

-~

e v —

R-1714

FIGURE 6. ARTICULATED VEHICLES HAVE THE ADVANTAGE OF BOTH
INCREASED MOBILITY ON THE GROUND AND INCREASED TRANSPORTABILITY
IN THE AIR.

a, Articulated Tank

The articulated tank(shown in Figure 7) could incorporate
and optimize the following features, The vehicle would normally operate
with its two elements coupled, |t would be steered by yaw control of the
articulation joint (which should materially increase track life by elimi-
nating wear due to skid steering) and be provided with positive manual
control of the pitch joint for superior obstacle negotiation. High wheel
travel suspension and pitch stabilization of the rear unit through active
control of the pitch joint (using the response of the front unit as basic
inputs) would provide superior ride, especially in the rear unit, and a
more stable gun platform for firing on the move. The articulation joint
would include signal and fuel connections, releasable or couplable from

the driver's station without crew exposure.
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FIGURE 7. THE ARTICULATED TANK DESCRIBED IN THE TEXT
OFFERS MANY OPERAT IONAL ADVANTAGES.

The front element would be self-cc ' ,ined with Its own
powerplant, utilize simple skid steering when decoupled, and be remotely
controllable by radio or hard wire from the rear element, it would carry
the complete articulation joint, major remote control equipment, complete
vehicle active pitch control system, spare fuel for the rear element, some
armor, but no personnel, When decoupled, the front unit would act as a

mobility aid, precursor vehicle for reconnaissance and mine detection, etc.

The rear unit would carry all personnel, weapons and
fire-control equipment, remote controls for the front unit, and, in general,
resemble a conventional skid-steered, tracked vehicle when decoupled from
the front unit, It would also carry the primary powerplant and a nominal

fuel supply and be fully operable (with reduced mobi lity) when run without
the front unit,
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The front unit, being less complex than the rear, would
be considered s-mi-expendable, Thus, it could be utilized for mine clear-
ing operations, reconnaissance (perhaps mounted with TV) and as a protective
front shield from enemy fire., On the other hand, it would be an aid to
the rear unit when negotiating obstacles and, in case of rear unit engine
failure, would provide emergency get-home capability.

b, Articulated Wheeled Vehicles

A number of concepts for articulated wheeled vehicles
were also suggested,

o A 12x12 - hxl convertible vehicle,

By utilizing the foldable-tire concept developed
In the early 1960's by Fairchild for STOL alrcraft,
a vehicle could be provided with lightweight tires
that would be folded when not needed (see Figure 8).

On-road operation would be on four conventional tires;

FIGURE 8. FOLDABLE WHEELS WOULD BE STORED WHEN NOT NEEDED (TOP)
BUT INFLATED FOR SOFT TERRAIN (BOTTOM). FOLDABLE WHEELS
WOULD BE POWERED BY SMALL IDLER WHEELS.
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for off-road situations that require it, the additional
tires would be inflated to provide additional flota- ]
tion and traction. These extra tires would be powered,
either by a conventional drive line or, more economi-~
cally, by smaller idler tires which would provide
friction drive between the regular drive wheels and ]
the foldable tires, Frame-articulated steering would
be one requisite to the practicability of this concept; ]
another would be central inflation control of individuat

tires,

o Tactical trucks, specifically designed for operation i
in long hard-coupled trains, ]
Tandem twinning of vehicles achieves the advantages

of articulation in cross-country operation, Controls

would be configured so that a driver could easily

operate a train composed of any number of units for

convoy work (see Figure 9).

FIGURE 9. TRUCKS, SPECIFICALLY DES IGNED TO BE COUPLED TOGETHER
TO FORM TRAINS. PRIME UNIT (TOP) COULD COUPLE TO OTHER PRIME UNITS
OR TO CHEAPER SECONDARY UNITS TO FORM TRAINS (LOWER TWO SKETCHES).
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o Motor cycle trains.

The USDA Forest Service has developed a gyro-
stabilized trail vehicle which runs on a single line
of tires, Using this stabilization system, clever
geometry and perhaps supplemerital stabilization from
small thrusters, a practical over: the-trail train

under the control of one man might be developed.
3. Modular Design

A set of stand d{ized modular subassemblies--power units, wheel
suspens ion/drive units and cab/control units--which could easily be assembled
into a vehicle tailored to the mission or could be used as replacement
units for rapid repair of damaged vehicles, appears to be feasible and
desirable (see Figure 10). The benefits of such bolt-on, plug-in components

are:
o Commonality of parts over a wide range of vehicles.

o Reduced development and production lead time, both

for new vehicles and for upgraded components,
o Reduced retrofit and rebuild time.

o0 Reduced training requirements, both for operators

and mechanics,

o Increased production base, since smaller firms could

make subassemblies.

0 Reaced procurement costs due to higher production J

rates of most elements,

o Reduced support requirements (spare parts, forward

maintenance).

o Closer match of power and wheels to vehicle load

and terrain,

o lIncreased availability,
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FIGURE 10, MODULAR COMPONENTS COULD EASILY BE ASSEMBLED
TO A VARIETY OF FRAMES TO FORM MANY
DIFFERENT VEHICLE CONFIGURATIONS .
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Addition of a track/suspension/drive module would in-
crease the flexibility of the modular design concept, Further flexibility
could be achieved by designing a wheel/suspension/drive module specifically
for expedient use in supplying power to the wheels of trailers in the

tactical support fleet.

The deve lopment of modern electric drive systems of
suitable capability or of more advanced mechanical in-wheel drive systems
appears to be essential to achieve modular design. Such developments
would make possible the elimination of the mechanical drive line, thus
freeing overall vehicle design to attain simplified suspensions, more
effective configurations, and highly durable, reliable, true all-wheel
drive articulated wheeled vehicles which can be readily converted to

tracked configurations,

Some specific technical questions which warrant immedi-
ate attention prerequisite to implementation of a modular-base fleet plan
include the following:

o A parametric fleet definition that includes deter-
mining the optimum size and number of moduies, the
associated levels of performance required, and the
identitication of elements now available and those

which recuire new R&D efforts to achieve,

o Spec.ai emphasis on defining new drive system require-
ments (electric, hydraulic, etc.,), within and outslide
the current state-oi-the-art in related technologies,

which are implicit in the multiple module concept.

o The space and weight limitations and penalties within
the modular family,

o The controls problem of multi-engines in the larger

vehicles,

o The feasibility of throwaway modules or, at minimum,
readily replaceable modules to reduce the maintain-

ability burden.
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o The many problems of interfacing standard components
and modules within the range of vehicle sizes con-

sidered,

o The cost effectiveness of the concept In its optimum
configuration for the life of the fleet, reflecting
upgrading of fielded modules and assurance of neces-
sary RAM-D,

L4, Air Cushion Concepts

The Air Cushion Vehicle (ACV) promises uniquely fast (50-120 mph)
transportation over unimproved terrain including soft soil, swamps and com-
binations of land and water, This capability could give surprise, quick
reaction and near all-weather operation, with minimum environmental damage,
The promises of the ACV have not yet been fully realized, principally due
to certain operational problems. Some of the problems and suggested solu-

tions are:
o Slope climbing ability and control on silopes.

Use a non-load bearing, limp chain or cables as
tracks with simple, slow speed drive (patterned after
systems used to propel some neutral-buoyancy ocean-
bottom vehicles) for traction and control augmentation
when required (see Figure 11), With this system, no
other suspension components (wheels, springs, shocks,

etc.) are necessary. The chain or cable is readily

stowable and retractable when not in use. In use
it would simply lie on the surface, conforming to the
terrain under its own weight, and biting in when slip

occurred,
o Lateral control,

A serious problem limiting the versatility of air

cushion vehicles is the lack of responsive and precise
lateral control, Additionally, steady state slope
negotiation above 10 degrees causes a serious propul-

] sion system weight penalty, Positive lateral control
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FIGURE 11, A POWERED, LIMP CHAIN, HANGING FROM AN AIR CUSHION VEHICLE
COULD PROVIDE THE TRACTION NECESSARY TO GENERATE ADDITIONAL CONTROL ]
AND SLOPE CLIMBING ABILITY,

would permit operation across slopes and, by climbing

on the bias, permit negotiation of steeper slopes, A

thin rudder-like vane or disk, one forward and one
steerable aft and both spring loaded against the surface,
could be utilized to provide needed high lateral resis~
tance with minimal longitudinal drag (see Figure 12),
Penetration into the surface would be caused by both

a responsive suspension system and vibration of the

[ contacting element; soil penetration would be inversely
proportiona! to soil strength, hence only the penetra-
tion necevsary to achieve the desired lateral forces

would result,
5. Trailmaker (or Pioneer) Vehicle

Envisioned here is a high performance engineer vehicle speci-
fically designed to support other vehicles with more conventional military
functions or missions, The vehicle would be outfitted with on-board mobility
aids not feasible in any other type of vehicle (pushers, compactors, winches,

dozer blades, scoops, cutters, etc,) so that it could clear a path and improve
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FIGURE 12, SPRING LOADED "'PIZZA CUTTERS' WOULD PROVIDE
POSITIVE LATERAL CONTROL FOR CRO55-SLOPE OPERATION.

the terrain for following vehicles, |t would clear out vegetation, drain
or fill in mud holes, reduce the steepness of banks, provide ramps over
obstacles, etc, The vehicle, in itself, wuuld be highly mobile so as to
be able to operate effectively in the difficult areas in need of traffic-
ability improvement., It would be id-al if this vehicle could clear a trail
in one pass, by removing obstacles, banks, vegetation, etc, {(much as a
snow plow) and, at the same time, improving trafficability by compacting
the soil, For operations during combat assault under fire, it could be
remote conntrolled to clear paths over which troop-occupied vehicles could

quickly move,
6. Advanced Airoll Vehicle

Development has recently been completed on the Mar ine Corps
XM759 Marginal Terrain Vehicle which is based on the Airoll concept. That
program proved that the Airoll system provided true, all-terrain mobility.

Development of an advanced airoll vehicle system, perhaps articulated,
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utilizing a high performance power train, lightweight cable drive, and
lightweight non-vulnerable wheel/tire system offers the capability of
significantly Improving mobility, water performance, durability and reli-
ability, reducing weight, and fielding a loglistic or counter-insurgcncy

combat vehicle capable of readily traversing the most extreme adverse
terrain areas.

7. Advanced Screw Concepts

The ability of the Marsh Screw to operate freely in marshes
and water prompted suggestions to Improve Its performance In other environ-
ments, The most promising approach would be to divide each rotor in two,
Yawing the four resulting screws would provide a crabbing capability or, If
yawed 90°, would provide wheel-1ike propulsion for operation on firm soils
or roads (see Figure 13),

FIGURE 13. DIVIDING THE ROTORS IN TWO AND ALLOWING THEM TO STEER
WOULD PROVIDE CRABBING ABILITY AND IMPROVED OPERATION ON FIRM SURFACES,
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8. Urban Combat Vehicles

In general, we are ill-prepared for vehicle exploitation in
combat operations in an urban environment., We should therefore attempt §
to develop vehicles which will operate freely in the congestion and rubble

that would be expected in cities under combat conditions.
o Sewer Vehicle.

Great use could be made of the city sewer system :
by a vehicle which would enter through a manhole,
negotiate the sewer environment, and exit through
another manhole, Such a small vehicle could also
be used in cross-country environment to negotiate
dense, closely-spaced obstacles (rocks, trees) and ;

as a small amphibian,

o In-building Vehicle,

A vehicle which could enter a building, climb stairs
and knock down walls when necessary would provide neces-
sary mobility and fire power both inside and outside

buildings.
o Grabber.

The Grabber would employ « remote-controlled hook
or a man-amplified servo-mechanism to grab and propel
itself, In the urban environment, it could climb up
the outside of buildings; in the furest, it could grab
trees or rocks, The arms could be used alone to swing,
monkey style, from one '*hand-hold'' to another or, in
conjunction with conventional suspensions, to yield
assistance when appropriate, A simple variation of

;' the Grabber would be a mechanical foot to push, lift,

or pull a vehicle out of immobilizing situations,
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9, Hybrid Vehicles

A number of propulsion schemes were considered for mating with

conventional wheel or track systems, |Initlally, the following were suggested:

Air cushion

Helicopter rotors

Walking devices

Mud pumps {

Archimedean screws (marsh screw)

© 0O 0 0 0 o©o

Jumping capability

Subsequently, it was considered that the jumping vehicle and
helicopter approaches were perhcns premature. Walking mechanisms were
considered marginal at this time, as was the application of mud pump
capable of propelling a vehicle siuck in the mud, The marsh screw and
alr cushion principles were considered to have the greatest potential (see
Figure 14),

.
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FIGURE 14, AMONG THE HYBRID VEHICLES CONSIDERED
WAS THAT OF MARRYING THE TRACK WITH AN AIR CUSHION
TO NEGOTIATE SOFTEK TERRAIN.
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Major stumbling blocks in developing a hybrid air cushion/
wheeled or tracked vehicle are the cost, weight and complexity of provid-
ing two separate, independent propulsion and suspension systems. On the
other hand, it is feasible to construct inexpensive air cushion elements
without propulsion systems, to be utilized as barges which permit supplies
to be towed by cables or by a highly mobile vehicle over short stretches
of impassable terrain, These elements could be linked together to provide
auxiliary support to conventional vehicles or to form a bridge over which
conventional vehicles may pass. Since they will not have to operate very
far independently or to provide their own propulsion system, they could be

made quite simple, light and relatively inexpensive,
10, Wheel/Track Convertibles

There is a continuing need for logistic mobility in special
tactical and physical environments which is significantly greater than is
provided by high mobility tactical trucks in the fleet. While operationally
critical, the number of vehicles required is relativeiy small and the de-
sirable variants are numerous, A potentially economical approach to this
problem is to design our tactical high mobility trucks so that, by the
field addition of suitable, integrated kits, some or all of the trucks
may be readily converted to viable tracked vehicles to fulfill low density,
extra-high mobility vehicle requirements, The basic concept would be to
employ the track conversion kits on a preplanned basis--according to
geographic location, season, large scale mission projections, etc, --
rather than on an ad hoc basis in response to rapidly changing tactical
situations; although the latter operational possibility would not be ex-
cluded, Such operational doctrine, plus current air 1ift capabilities,
should make it possible to avoid the "police syndrome' generally associated

with kits; i.e,, that they are never there when you need them,

It is esseitial that the design approach minimize compromises to
cost and effectiveness of the host wheeled vehicles, It is equally im-
portant that conversion to tracked operation through the addition of the

kit produce a substantial mobility increment.
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Two approaches should be examined. The more desirable from
a parochial viewpoint is the design of the high mobility fleet for hybridi-
zation from the ground up. In this approach, the scope of the kit modi-
fication can be minimized., Chassis articulation appears essential to
maximize the mobility increment, The alternative is to examine what might
be done by minor redesign of more standard truck configurations which
might be avalilable from regular automotive production lines. Kit require-
ments might have to be expanded from simply a set of tracks to include
added undriven axles, perhaps a chain drive sprocket, front wheel skis,

etc,

Detailed problems are foreseen in obtaining positive drive
between tires and the track in critical conditions (which may require
attention to a special tire), track throwing, poor ground pressure dis-
tribution (an Important consideration, especially in snow) and potential
tire wear and damage. The philosophy of track design needs examination,
and tradeoffs among track life, weight, costs, and performance must be
studied.

E. Propulsion Concepts

l. Direct Use of Energy at the Soil-Vehicle interface

A dramatic savings in weight, complexity and efficiency could
be achieved If combustion energy would be used directly at or near the
soil-vehicle interface to obtain forward thrust. Such a system would
propel a vehicle directly from the combustion gases without passing the

energy through an engine-transmission-drive iine system,

The ''red-sod" system employs direct combustion of a fuel-air
mixture to excavate soil, A take-off on this idea would be the use of
open, vehicle-mounted cylinders which react fuel combustion gases directly

on the soil to produce thrust and contro! forces,

There is a Czeck invention which utilizes compressed air to
propel a tire by sequential inflation and deflation of circumferentially
segmented chambers (see Figure 15), The direct use of combustion gases,
rather than compressed air, would make this concept significantly more

attractive. Proper timing of the intake and exhaust could be utilized to

provide spring and damping action in addition to propulsion,
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i FIGURE 15, DIRECT USE OF THE COMBUSTION GASES TO INFLATE
AND DEFLATE CIRCUMFERENTIALLY SEGMENTED TIRE CHAMBERS
COULD ELIMINATE THE ENGINE-TRANSMISSION-ORIVE LINE SYSTEM

At this point in time, the above are no more than rather
fogqgy ideas. What is needed now is a true invention; i.e., a reasonable
outline of a mechanical realization of the concept. And even if feasi-
bility can be demonstrated on paper, a substantial engineering effort

will clearly be required to develop the concept in metal.

Foreseeable difficulties include fuel efficiency, materials,

controls, space and weight problems, complexity, signatures and potential
speed limits. Dynamics problems at the soil interface, dynamic feedback
to the vehicle, and maximum thrust limitations (especially with the in-
tire combustion idea) are fundamental problem areas requiring early

clarification,

Additional possible realizations of the concept were also
identified:
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o Use of reaction thrusters exploiting (in some unspecified
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